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IMPROVED CHARACTERISTICS OF POPULUS SP. 
ECOSYSTEMS BY AGROFORESTRY PRACTICES
POBOLJŠANJE ZNAČAJKI EKOSUSTAVA POPULUS SP. 
AGROŠUMARSKIM SUSTAVOM GOSPODARENJA




agricultural use and / or grazing livestock on one and same 
parcel can be a good method and an opportunity to improve 
the forest plantations growth and soil quality where it is 
practiced (Alexandrov et al., 1996; Yakimov et al., 2003; 
Stancheva et al., 2004; Rivest et al., 2013; Fonte et al., 2010; 
Huber et al., 2018). The development of agroforestry sys-
tems in agrarian lands increases the overall quantity of mi-
crobial biomass and the amount of sequestered organic car-




and  „smart  farming“  one  of  the  leading  in  modern 
agribusiness and policies. The development of agroforestry 
systems leads to an increase in crop and tree productivity 
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while promoting other ecosystems servises (Nair and Gar-
rity, 2012). Vital, productive, sustainable and adaptive 
ecosystems are formed (Mosquera-Losada et al., 2012), in-
cluding on degraded lands (Brumec at al., 2013). The es-
tablished agroforestry systems frequently mimic the natu-
ral systems, and in most cases an appropriate combination 
of tree, shrub and grass species with agricultural crops are 
observed. Nevertheless, the reducing competition and in-
creasing complementarity and compatibility of species used 
in agroforestry remains the main challenge facing science 
and practice. Tree species and agricultural crops are being 
defined, which are well combined and complementary each 
other’s in structuring agroforestry systems. Poplar is such 
tree species particularly suitable for the construction of sil-
voarable and silvopastoral agroforestry systems (Fakirov, 
1972; Vassev, 2013; Newman, 1997). It is a fast-growing spe-
cies and provides accelerated growth especially on typical 
habitats such as riparian lands (Dobrev and Bodgakov, 
1971; Zahariev et al., 1975). In Bulgaria the cultivation of 
agricultural crops between rows of young poplar trees has 
been practiced for a long time and successfully (Marinov 
et al.,  2003).  Between  tree  rows  is  grown:  sunflower, 
cabbage, corn, pepper and eggplant; melon and squash, 
cauliflower, wheat, beans etc. (Yakimov et al., 2003). The 
accumulation of waste green organic mass from agricultural 
plants supports the development of young poplar saplings, 
and agrochemical care (hoeing, irrigation, fertilizing, etc.) 
has a beneficial effect on their growth and development 
(Yakimov  et al., 2003). At the same time, improved 
biodiversity in agroforestry systems, along with increased 




of Populus sp. and the composition of soil organic matter 




The region of Vidin is in the Missian forest vegetation zone 
with moderate continental climate. It has low January tem-
peratures, high July temperatures and annual precipitation 
sums of 500-600 mm. Along the river Danube there were 
established 3 sample plots (SPs) and one control (K) located 
in Vidin Forestry Estate – the most north-western part of 
















lies in the zone of Nature 2000 and located in the Danube 
River’s defensive line. The soils are alluvial (Alluvial Fluvi-











(2)  Hm = (h1g1 + h2g2 + ……..+hngn) / 
 (g1 + g2 + ………+gn) (m) = ∑hn.gn / ∑gn 
where 
h 1,2…n  –  is a arithmetic height of each degrees of thicknes (m);
g1,2…n –  the basal area of all trees according to the relevant 
degree of thickness (m²);
Caliperring of older plantations (SP2 and SP4) was made 
by programme product FET 1.11 (Demo) (Evangelov, 
2012), through option “Sorting of whole standings” which 




















dates back to 1890 (Mitsov, 1963).





one year younger (at 2 years of age) the plantation in SP1 
in  which  maize  is  currently  sown  has  better  base 
dendrometrical indicators. Growth characteristics depend 
heavily on the clone of poplar (Vassev, 2013), but definitely 




from the very beginning of the planting life. At this early 
age,  there  is  still no differentiation with  respect  to  the 
average diameter and all trees of Agathe poplar clone in 
both studied plantations (SP1 and SP3) fall into one degree 
of thickness (2 cm). The comparison between the older 
plantations SP2 and SP4 (at 10 years of age) shows that the 
plantation  at which  agroforestry was  applied  (SP2) by 






is a concentration of 0.8960 m³ (89.6 m³ / ha), and in SP4 






to the average diameter (for a degree of thickness of 2 cm 
– 1 number, for 6 cm – 1 number, for 8 cm-14 numbers and 
for 10 cm – 14 numbers). 
From the statistical analysis, the values of some statistical 
parameters characterizing the diameters and heights are 
obtained (Table 2). The values of the arithmetic mean for 
diameters are almost no different from the calculated 
weighted averages ones (+0.04, 0.00, +0.03 and -0.15 for 
SP1 to 4 respectively). The small variation in diameters at 
this early age is also confirmed by the variance values. The 
largest number of diameters are centered on the arithmetic 
mean of the young SP1 and SP3 plantations where the val-
ues of the standard deviation are the smallest (0.15 cm). 






25%)  (Lakin,  1990). In all four cases, the variation of 
diameters is characterized by negative (left) asymmetry. In 
SP1, SP2, and SP3 empirical variations deviate insignificantly 
from  the normal  curve, which  classifies  asymmetry  as 
„small“ (with Kurtosis values below 0.5). In the first two 
cases, the distribution is performed on a curve exceeding 
minimally the highest part of the normal curve, and in the 
third case by a curve decreasing to a very small extent the 
curve of the normal distribution. In the control (SP4) the 
distribution of the diameters is performed on a curve ex-
ceeded relatively more significantly the normal distribution 






Table 1. Main characteristics of plantations










Mean Brest High Diameter 
(DBH)
Prosječan promjer (DBH) 
cm
Mean Height (Hav)
Prosječna visina (Hav) 
m





3 Agathe N43.9358°  E22.8483° 3 1.6 2.55
4 (K) Agathe; mnBL; I-214 N43.9347° E22.8472° 10 8.7 7.04
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The difference between the maximum and minimum values 
of the measured heights is the highest in SP2 (2.60 m). The 












mal height distribution curve is characterized by the rises 
and falls (due to positive and negative Kurtosis), with the 
highest elevation in SP3 (Kurtosis 4.97). 
Essential for the development of saplings is the quality of 
soils. There are studies that confirm the existence of a direct 
relationship between  the height of  tree plants  and  soil 
conditions (Duhovnikov et al., 1975). Land use type can 
influence soil properties (Göl and Yilmaz, 2017) and in this 
respect is interesting to analyse soil properties under agro-









According to the scale of Geliaskov (Donov, 1993) the soils 
from the SPs fall into the range of slightly acidic soils (pH 
= 5.7 - 6.5). Only the soil from control (SP4) is within the 
range of neutral soils. It can be assumed that the planting 
of vegetable crops implies weakly acidifying of the soils in 
the area. The calculated carbon and nitrogen stocks in the 
soils show that the soils in the area are poorly stocked. 
Organic content is low, the lowest is in the control (SP4). 
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low levels of humus and active mineralization of plant res-
idues in the soils along the Danube (Kirilov et al., 2015). 
The climatic factor is basic in relation to soil organic mat-
ter (Zhiyanski et al., 2012). The ratio of C / N in soils, which 
is an indicator of the rate at which mineralization of organic 
matter in the soil occurs, is low to moderate and confirmed 
by other authors (Kirilov et al., 2015). Most quickly is car-
ried out the mineralization of the organic substance in the 








stability and a stronger bonding of organic carbon to the 
mineral soil and better sequestration in the soil. On the 




is accompanied by the highest percentage of fulvic acids 




tion ability in soil. There are the other studies that found 
that trees provides continuous input of liable organic mat-
ter by litterfall and there were observed higher content of 
liable and soluble carbon in agroforestry systems and na-
tive forest in comparison with agricultural systems (Thom-
azini et al., 2015). Obviously, in our study agricultural crops 
play an role of enhancing the recalcitrant form of carbon 
in the system. The practice of agroforestry is a good tool to 
improve the content and composition of the soil organic 





conclusion that agroforestry enhances soil fertility. This is 
in comply with other studies of the other authors (Neupane 
and Thara, 2001; Tsonkova et al., 2012; Chen et al., 2019). 
Our study confirms the statement that agroforestry systems 







Populus sp. along the Danube concerning enhancing their 
productivity and improving soil quality. Planting agricul-
tural crops among tree saplings is a good method to in-
crease their dendrometrical indicators as average diameter 
and average height. As a modern form of land use, 
agroforestry is  also a tool to enhance soil organic matter 
content. Agroforestry practices is especially good to im-
prove soil organic matter composition – the amount of car-
bon which is bounded in recalcitrant part is increase and 
Table 3. Main characteristics of soils















1 6.1 3.56 0.13 27 4.3
2 5.9 2.07 0.10 21 2.5
3 6.5 2.74 0.11 23 3.3
4 (K) 6.8 1.64 0.09 18 2.0
Table 4. Humus composition







Extracted with 0.1 M Na2P4O7 + 0.1MNaOH
Organski C% 
Ekstrahira se s 0,1 M Na2P407 + 0,1 M NaOH
Organic C% 














C extracted with 0.1 M 


















1 2 3 4 5 6 7
1 2.50 0.82 0.78 0.05 100 0 1.68 0.02
2 1.45 0.95 0.49 0.46 100 0 0.50 0.01
3 1.92 1.00 0.85 0.15 100 0 0.92 0.02
4 (K) 1.15 0.82 0.20 0.62 100 0 0.33 0.05
P.S. column 1, 2, 3, 4, 5, 6, 7 are given as a % to the weight of soil sample
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the amount of liable part (fulvic acids) is decrease especially 
this concerning “aggressive” fulvic acids. The results ob-
tained give as reason to recommend agroforestry systems 
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